Role of vitamin D in the development of obesity. Int. J. Morphol., 35(4):1568Morphol., 35(4): -1575Morphol., 35(4): , 2017 SUMMARY: Antecedents in the literature suggest that vitamin D (VD) play a role in overweigh/obesity. The present study evaluated the effect of VD deficiency diet intake and fat hight on overweight/obesity about white adipose tissue (WAT) and body mass (BM) gain. Animals were divided into four experimental groups according to the lipid and VD content of their diets; G1: CVD+ (C: control diet with VD+; n=5), G2: CVD-(control diet without VD-; n=5), G3: HFVD+ (high fat diet, with VD+; n=5), G4: HFVD-(HF diet without VD-; n=5). The diets were administered for three months and BW was monitored weekly. At the end of this period all animals were euthanized. Epididymal (EFM), retroperitoneal (RFM) and subcutaneous (SFM) fat mass were removed, weighted. At 12 weeks the body mass of the animals that were fed without VD-diets; G2: 507.60±17.31 g, and G4: 528.50±13.50 g were significantly higher (p < 0.05), than the counterparts G1: 485.0±11.29 g and G3: 521.20±26.20 g respectively. Similarly, the animals fed with VDdiets had a greater EFM and SFM (p < 0.05) compared with the respective controls (VD+). Nevertheless, the animals fed with high fat diet had equal RFM (G3: 12.2±4.10 g, G4: 12.88±2.3 g, p > 0.05). The results demonstrate that the nutrition of rats with diet deficient in VD and high fat, promotes overweight by increasing fat deposits, suggestion a cause-effect relationship between VD deficiency and overweight. These results suggest that VD deficiency increases the risk of visceral fat obesity in males.
INTRODUCTION
Obesity is a global epidemic (Popkin, 2010) his prevalence one of the major public health concerns (Kayaniyil et al., 2011) . The obesity relates with among an energy-dense, high-fat diet, its availability and promotion, sedentary lifestyles, which conducive to the development of obesity (James et al., 2001) . Obesity is characterized by a significant increase of adiposity (Nishimura et al., 2007) . The adipose tissue is considered to be endocrine organ (Lehr et al., 2012) , and a depot for the storage and release VD (Malmberg et al., 2014) .
The relationship between overweight/obesity and VD deficiency has been suggested by several lines of evidence, both direct and indirect (vinh quoc Luong & Nguyn, 2013) . The VD deficiency is the most common nutritional deficiency in the world (Holick & Chen, 2008) . One of the major physiologic functions of VD is to maintain serum calcium and phosphorus levels in a healthy range to maintain a wide variety of metabolic functions, transcription regulation, and metabolism (Hossein-nezhad & Holick, 2012) . VD deficiency is associated with a greater risk of pathological conditions (Borges et al., 2016) . In addition, the VD hormone has numerous non-calcemic activities (Bouillon et al., 2008) , including regulation of adipocyte biology (Kong & Li, 2006) . Addition, the role for VD receptor (VDR) is linked to the regulation of global energy metabolism by regulating adipose tissue fat depot location and expansion (Wong, et al., 2009) . However, the explanations and direction of causality the relationship between overweight/obesity and VD deficiency are unclear. The obesity is frequently cited as a cause of VD deficiency (Holick & Chen, 2008 ). An important question is whether VD deficiency causes obesity (Pourshahidi, 2015) .
The increase of adipose tissue and body mass in overweight/obese subjects can be linked to a deficit of VD in the diet. Some studies suggest an inverse relation between body mass index (BMI) and fat mass, with low concentrations of 25-hydroxyvitamin D (25(OH)D) (Vimaleswaran et al., 2013) . Others studies have demonstrated that VD deficiency this linked with visceral fat obesity (VFO) (Zhang et al., 2015) . There is evidence that VD metabolism, storage, and action both influence and are influenced by adiposity. Fat accumulation in different areas represents different risk for metabolic disorders and visceral adipose tissue may be unique (Fox et al., 2007) . Further, the visceral fat accumulation (waist circumference/ WC) (World Health Organization, 2000) is recognized as a risk factor for VD deficiency (Zhang et al.,) .
The present study report on the VD deficiency dietary of rats (Sprague Dawley). It evaluated the effect of VD, deficiency at different diet, to increment adipose tissue, especially to epididymal (EFM), subcutaneous (SFM), retroperitoneal (RFM) and body mass. Few publications exist to date with information on the effects of VD deficiency adipose tissue Sprague Dawley rats.
MATERIAL AND METHOD
Experimental protocol: The study was approved by the Scientific Ethics Committee (SEC) of the La Frontera University (Protocol N° 167/15; Act N° 014/2016). The animals were maintained a temperature of 21±2 °C and controlled light cycle (12-12 h light/dark), with free access to water and food. All potential sources of ultraviolet light were eliminated to exclude the possibility of endogenous VD production in the skin.
Experimental design: Male Sprague-Dawley rats, sexually mature, 16 weeks old, were obtained from the Center for Excellence in Morphological and Surgical Studies (CEMyQ), Universidad de La Frontera, Temuco, Chile. All animals were housed in polycarbonate cages (five rats/cage). The rats were randomized into four study groups (n = five/group) according to the lipid and VD content of their diets; G1: C/VD+ (C: control diet / with VD+; n=5), G2: C/VD-(control diet/ without VD-; n=5), G3: HF/VD+ (high fat diet/ with VD+; n=5), Group 4: HF/VD-(high fat diet/ without VD-; n=5). The G1, G2 diets (14% protein, 76% carbohydrates and 10% fat; 15.9 kJ/ g) and G3 and G4, high-fat diets (HF) (14% protein, 36% carbohydrates and 50% fat; 20.9 kJ/g), both with and without VD, were prepared following the recommendations of the AIN-93M (Reeves et al., 1993) . The males were divided into four experimental groups according to the lipid and VD content of their diets: G1: diet control C, n=5, G2: diet C, deficient VD, n=5, G3: high fat diet in saturated fatty acids, based on lard, n=5, G4: HF diet, deficient VD, n=5. The G1 and G2 diets, 14.8% protein, 75.6% carbohydrates and 9.4% lipids with a total energy of 15.9 kJ/g and G3 and G4 diets (high-fat diets) 14.1% protein, 35.8% carbohydrates and 50% fat with a total energy of 20.9 kJ/g. The diets were made by Pragsolutions® (www.pragsolucoes.com.br).
The diets were made by Pragsolutions® (www.pragsolucoes.com.br) ( Table I ). The diets were administered to the rats from four to seven months of age. All of the study groups received water and food ad libitum, and their food intake was assessed daily. BM was monitored weekly until the end of the experiment. Food intake was measured daily. Energy intake was estimated as the product of food intake (g/day) by the energy content of the diet (kJ/day). At the end of this period all animals were euthanized by overdose anesthetic (4X) with an intraperitoneal injection of Ketamine-Xylazine. The subcutaneous (SFM), epidydimal (EFM) and retroperitoneal fat mass (RFM), were dissected bilaterally and weighed individually. An adiposity index was computed for each rodent as 100 x (sum of fat pad weights)/(body weight) (Taylor & Phillips, 1996) .
Data analysis: Data were expressed as the mean ± standard deviation (SD). Differences among the groups were tested with one-way ANOVA followed by Holm-Sidak post-hoc test. The effects of both the HF diet and the VD-, as independent factors, and the possible interactions between the factors were tested by two-way ANOVA. The p < 0.05 was considered statistically significant (Prism version 6.0 for Windows; GraphPad Software, San Diego, California, USA).
RESULTS
The groups started the experiment without any difference in baseline BM. To observe the effects of VD on BM, rats were fed diets G1, G2, G3 and G4 for 3 months.
Throughout the course of the study, the mean food intake of G3, G4 diets rats was significantly lower than the mean food intake of G1, G2 diets rats. In contrast, energy intake between the groups was elevated at 12 weeks (G3, G4 > G1, G2) (Table II) . Adiposity index increased significantly in manner in obese animals (G3, G4 > G1, G2). Between the obese groups, G4 increased significantly (p < 0.05) (Table II) .
At 12 weeks of experiment, the animals belonging to G2 and G4 had higher BM (G2: 507.60±17.31 g, and G4: 528.50±13.50 g; respectively, p < 0.05), than G1 and G3 (G1: 485.00±11.29 g and G3: 521.20±26.20 g respectively) (Fig. 1) . The mean BM of rats in the G2 indicated a significant gradual gain during 12 weeks of administration diet in comparison of G1 (p < 0.05). There was marked difference in BM of G1 and G2 throughout the 12 weeks of the study (Fig. 1 ) and there were significatives difference between the G3 and G4 (p < 0.05).
Visceral fat mass
Epididymal fat pad: The animals belonging to G2 and G4 that consumed VD-deficient diets had higher EFM (G2: 9.72±1.59 g, and G4: 15.20±2.22 g respectively), than G1 and G3 that consumed VD+ in their diets (G1: 7.84±1.40 g; G3: 13.20±4.44 g respectively) (p < 0.05) (Fig. 2) .
Retroperitoneal fat pad: Animals the G1 and G2 had a less RFM (G1: 6.40±1.20 g; G2: 6.96±1.00 g) (Fig. 2) , compared with the animals from G3 and G4 (G4: 12.88±2.30 g; G3:12.20±4.10g) (p < 0.05) (Fig. 2) .
Subcutaneous fat mass
Subcutaneous fat pad (abdominal region): G1 and G2 had lower subcutaneous fat mass (SFM) (G1: 9.16±1.60 g, G2: 9.72±1.00 g, respectively, compared with the G3 and G4 diets (G3: 12.06±1.4 g, G4: 15.35±1.6 g respectively) (p < 0.05) (Fig. 2) .
VD deficient diets significantly affected BM and the fat mass of the groups (p < 0.05). VD deficiency was a significant factor in these parameters. (BM) is expressed as the mean ± SD, n = 5, and was analyzed by oneway ANOVA and posthoc Holm-Sidak tests. p < 0.05 when: * compared with G1 in the same group and, ** compared with the VD counterpart. Groups: G1: C/ VD+, control diet with VD, G2: C/VD-diet without VD, G3:HF/VD+, high-fat diet with VD, G4: HF/VD-, higt-fat diet without VD.
DISCUSSION
In this study, we investigated the impact of daily dietary intake of vitamin D deficient and diet-induced obesity on the changes of fat mass and body mass. Our data clearly show that diet intake deficiency of VD negatively impacts on adipose tissue stores. This conclusion is based on the phenotype of increased body and adipose tissue weights in male rats. The high-fat diets used in the present study was effective in promoting obesity, as demonstrated by an increased adiposity index (Table II) in association with a higher BM. This condition (obesity) was exacerbated by ingestion of a high-fat diet and VD deficient. Our study shown a significative negative association between deficiency VD intake and body fat mass (Fig. 2) . Which is in accordance with Chang & Kim (2017) , demonstrated that dietary VD deficient exacerbates high fat diet-increased body weight gain and fat deposition, which is consistent with previous studies showing the effects of deficiency VD on diet-induced overweight/obesity (vinh quoc Luong & Nguyn, 2013; Zhang et al., 2015; Chang & Kim, 2017) . The diets VD deficient significantly affected BM and the FM gain of the groups (p < 0.05). The exacerbation obesity induced by high-fat diets and VD deficient, was confirmed by the increase in epididymal fat deposit (Fig 2) . The VD could be involved in the pathogenesis of obesity this hypothesis is supported by experimental data showing regulatory effects of VD on adipose tissue and lipid storage (Koszowska et al., 2014) . Narvaez et al. (2009) indicated that 1,25(OH)2D3 and the VDR likely function in a complex network that coordinately regulates adipose stores, and energy metabolism in response to physiological and nutritional cues, with high affinity and specificity (Demay, 2006) Data expressed as means ± SD. The lower case letters refer to the comparison between the groups. Two-Way ANOVA, post hoc Holm-Sidak's multiple comparisons test). a,b,c,d, e differents letters indicate significant differences, P < 0.05. Groups: G1: control diet, with VD; G2: control diet, without VD; G3: high-fat diet, with VD; G4: high-fat diet, without VD. Table II . Daily mean food and calories consumption, and adiposity index among the groups.
both cues. The increase or deficiency in dietary of VD appears one to be the most critical contributors to in VD status (Clemente-Postigo et al., 2015) . The effect on adiposity may be more evident when a higher dose of VD is administered (Mazahery & von Hurst, 2015) or as in our work a total deficiency orally.
Different genomic and non-genomic mechanisms exerted by VD have been proposed to have a causative role in obesity. It has been established that VD is a modulation hormone with a role in cell proliferation, differentiation and function, may regulate adipose tissue mass, differentiation and metabolism . The impact of the VDR and its ligand 1,25(OH)2D3 on adipocyte biology is would be regulated by the ligand concentrations 1,25(OH)2D3 Bouillon et al.; Lee et al., 2012) . According to Vieth (2009) metabolism in the VD system behaves according to enzyme-kinetic principles. Tissue levels of both 1-hydroxylase and 24-hydroxylase need to be balanced according to the prevailing supply of 25(OH)D (Vieth et al., 1990; Vieth) . When VD supplies are low (intake of diet deficient in VD), the enzymatic capacity of non-renal tissues (adipose tissue) to produce 1,25 (OH)2D is diminished, stimulating adipogenesis, which is accordingly with our findings.
Mehmood & Papandreou (2016) indicated low VD status is likely to contribute per se to the development of overweight/obesity. A deficient supply of VD in diet would alter responses of the genes, related to adipocyte differentiation, lipolysis and lipogenesis (Mohamed & ElAskary, 2017 ) and therefore could be an underlying cause of obesity exacerbation observed in our research. Ding et al. (2012) suggests that the vitamin D system is altered in obese subjects and this may have implications for the development of obesity. Morris & Zemel (2005) , suggest a potential role for VD in visceral adiposity. Vimaleswaran et al., indicated increased risk of vitamin D deficiency could contribute to the adverse health effects associated with obesity, powerfully linked with abdominal visceral or subcutaneous adipose tissue (Hannemann et al., 2015) . Addition, VD has been associated with regional fat distribution (Caron-Jobin et al., 2011) and with adipocyte size (Caron-Jobin et al.) . These mechanisms could explain the results of our study. It may, therefore, be speculated VD deficiency may initiate or exacerbate a process to accumulation of fat tissue. This would suggest that VD deficiency could cause overweight/obesity. According to Marcotorchino et al. (2014) the weight gain could be explained by a decreased of the ability of vitamin D to limit onset of obesity, via induction of fatty acid oxidation, leading to decreased energy expenditure. Shanmugalingam et al. (2014) suggest an inverse relationship between vitamin D and obesity.
Concerning our results fat mass in different fat storage sites, effects VD deficiency did not behave similarly among the different fat compartments. This behavior could be for that the depots fat and adipose tissues differ in cellular composition, microvasculature, innervation, metabolic characteristics, extracellular matrix composition, and secretory products (Darimont et al., 2008; Lee et al., 2013) . The men accumulate more fat in central area (both VAT and abdominal SAT). In our study the epididymal region was the more influenced by VD deficiency, which relates to the described by Zhang et al. (2015) discovered that visceral fat area was inversely associated with serum 25(OH) D3 concentrations, and especially, they have observed that the men had the higher risk for VD insufficiency and deficiency. Additionally, VD deficient may increases the intracellular content of triglycerides with sub-sequent weight gain (Ghavamzadeh et al., 2014) that might explain our results. It is known that tissue adipose, is a metabolically active tissue, have both the nuclear VD receptor (VDR) and the ability to synthesize metabolites VD through the hydroxylase enzymes (1a-hydroxylase) (Li et al., 2008; Ding et al.,) suggesting that adipocytes could be involved in local metabolism and secretion of 1,25-dihydroxy VD3, the bioactive metabolite (1,25(OH)2D) and tissue-specific paracrine effects (Ding et al.) . Wamberg et al. (2013) suggested the increased or decreased expression of VDmetabolizing enzymes in adipose tissue as a regulator mechanism of metabolism and both genomic and nongenomic actions of VD. It this could explain the increase of fat mass and body weight in our study. Regardless of genomic or nongenomic action, VD exhibits an important role in modulation of obesity. Evidence shows that VD modulates adipocytes differentiation in several cell models (Dace et al., 1997; Hida et al., 1998) . suggested a potential role for VD in regulating energy metabolism and is also contributing to obesity risk (Wong et al., 2009 (Wong et al., , 2011 .
White adipose tissue can be divided into two major stores: subcutaneous and visceral (Wronska & Kmiec, 2012) . The visceral adipose tissue (VAT) dysfunction has been proposed as a major contributor to obesity (Lee et al., 2013) . Zhang et al. (2015) confirmed that visceral fat obesity was an important risk factor of VD insufficiency and deficiency among men, and discovered the increase of visceral adiposity was positively associated with VD insufficiency or deficiency. vinh quoc Luong & Nguyn. suggest a potential role for VD in visceral adiposity, due to its directly regulates adipocyte in expression and cortisol production in human adipocytes in vitro (Morris & Zemel) exerting effect on stimulation of glucocorticoid production. Results of our study revealed that VD deficiency increases the risk of higher visceral fat tissue (epidydimal) in males rat. Which agrees with what has been described in relation to VD deficiency and visceral fat. Zhang et al. (2015) indicated increased visceral fat area was observed to be associated with higher VD deficiency in men, which is confirmed by our results with a significantly increased epididymal fat deposits, which confirms a negative relationship between deficiency VD and overweight/obesity. In comparison of the three major adipose tissue depots of rats, the estimating visceral fat accumulation is important to identify individuals at high risk for VD deficiency.
Another factor that may contribute to the increased adipose mass is the suppression of UCPs (uncoupling proteins) expression in male rats (Wong et al., 2009) . Wong et al. (2009) , indicated that UCPs are under direct regulation by the VD/VDR signaling, furthermore, showed that VDR overexpression in the adipose tissue led to the suppression of UCP1, UCP2, and UCP3 (Wong et al., 2011) . They propose that the trapped VD in adipose tissue were increase the local VD concentration in the fat, and activation or overexpression of the VDR in adipocytes negatively affects energy expenditure, promoting obesity (Wong et al., 2011) . Vimaleswaran et al. found evidence for a causal role of deficiency VD in the development of obesity, although a small effect no significant, lower to our results.
This study is the first one to look at the associations between VD deficiency diet intake and risk of overweight and/ or obesity in male rats. In addition, it might be among few studies that assessed overweight/obesity among rat using body weight and fat mass. As overweight/obesity VD deficiency is highly linked to male, the findings have wider implication on designing of prevention strategies for the emerging problem of adult chronic non-communicable diseases and associated morbidity and mortality in deficiency VD diet.
To confirm establishment of VD deficient rat we not measured serum 25-OH VD concentrations at baseline and every week thereafter. Another limitation is the fact that we did not have PTH levels measured and therefore could not test if the observed association between 25(OH)D and body fat might be explained by PTH. However, Park et al. (2015) did not find differences in serum 25-OH VD in obese and lean 22 week old mice (Park et al.) . Similarly, Seldeen et al. (2017) . There did not find statistically significant difference in serum 25-OH VD between lean and obese mice measured 24 weeks. The consistent inverse relationship between VD and obesity is apparent from observational studies; however, by design, these studies cannot prove causality (Pourshahidi, 2015) .
CONCLUSIONS
In conclusion, results of our study revealed diet intake VD deficiency increases the risk of visceral fat obesity in male's rats and that VD deficiency may be related to variation in regional adiposity. The deficiency VD intake increase adiposity. In addition, the combination of deficiency dietary VD and high fat intake leads to excessive adiposity. In conclusion, our results suggest that deficiency VD intake is associated with body adiposity increase especially abdominal fat and this is impaired VD status associated with obesity could alter metabolic health. RESUMEN: Los antecedentes de la literatura sugieren una relación entre la vitamina D (VD) y el sobrepeso/obesidad, sin embargo, causalidad de la relación no está clara. El presente estudio evaluó el efecto de la ingesta dietética deficiente de VD y alta en grasa sobre el tejido adiposo (TA) y la masa corporal (MC). Los animales se dividieron en cuatro grupos experimentales de acuerdo con el contenido de VD y lípido en la dieta; G1: CVD+ (C: dieta control con VD+; n = 5), G2: CVD-(dieta control sin VD-; n = 5), G3: HFVD+ (dieta alta en grasa, con VD+; n = 5), G4: HFVD-(dieta HF sin VD-; n = 5). Las dietas se administraron durante tres meses y MC se controló semanalmente. Al final de este período, los animales fueron sacrificados. La masa grasa epididimaria (MGE), subcutánea abdominal (MGS) y retroperitoneal (MGR) fueron diseccionadas y pesadas individualmente. A las 12 semanas, la MC de los animales alimentados con dietas sin VD-; G2: 507,60 ± 17,31 g, y G4: 528,50 ± 13,50 g fue significativamente mayor (p < 0,05), que sus homólogos G1: 485,0 ± 11,29 g y G3: 521,20 ± 26,20 g respectivamente. De forma similar, los G2 y G4 tuvieron una mayor MGE y MGS (p < 0,05) en comparación con los controles respectivos (VD+). Sin embargo, los animales alimentados con dieta alta en grasas tuvieron igual MGR (G3: 12,2 ± 4,10 g; G4: 12,88 ± 2,3 g, p > 0,05). Los resultados demuestran que la nutrición de ratas con dieta deficiente en VD y alta en grasa, promueve el sobrepeso/obesidad al exacerbar la ganancia de masa grasa en los diferentes depósitos de grasa, sugiriendo una relación causa-efecto entre la deficiencia de VD y el sobrepeso/obesidad. Estos resultados sugieren que la deficiencia de VD aumenta el riesgo de obesidad de grasa visceral en machos.
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